Abstract-The colonial organization of honeybees reveals numerous analogies to multicellular organisms which makes it tempting to use the term superorganism. The sterile workers fulfill the role of the somatic cells in organisms with intricate and complex interactions. These interactions are under partial control of hierarchical signals (pheromones) which are primarily used for global information of the colony. The majority of the activities in the colony is, however, regulated through local decision making and through self-organized processes which are regulated through worker threshold response variability. In honeybees this is enhanced through the highly polyandrous mating system which allows for wide genotypic variance and the presence of genetic specialists. Although both individual and colony level selection can be observed in honeybees the latter seems to be the predominant selective force. This is similar to organismic selection where selection among or within cells is less relevant to evolutionary processes than fitness at the organismic level. &copy; Inra/DIB/AGIB/Elsevier, Paris social organization / superorganism / division of labor / self-organization / polyandry / Apis mellifera
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ORGANISMS AND SUPERORGANISMS
Honeybee colonies have often been called 'superorganisms' in analogy to a complex higher organism being composed of numerous single cells (Wheeler, 1928; Seeley, 1989 ; Moritz and Southwick, 1992 (Williams, 1966; MaynardSmith, 1964 (Hamilton, 1964a,b) , and genes as primary units of selection (Dawkins, 1976) this individual-centered view softened and group selection regained credibility (Wilson, 1975 (Wilson, , 1977 . Subsequently, the superorganismic view regained momentum (Wilson and Sober, 1989; Seeley, 1989 (Dawkins, 1982 (Bonner, 1995) . In a radical reevaluation of early evolution, Buss (1987) (Visscher, 1998 (Seeley, 1986) , rather than by direct perception of these conditions. Many others mechanisms have been described. Studying water foragers, Lindauer (1954) (Seeley, 1989 (Seeley, , 1995 Camazine, 1991; Watmough and Camazine, 1995; Robinson and Page, 1989 (Koeniger, 1970) and thus responds to a local stimulus threshold, egg presence and cell diameter. Equally, comb usage for pollen and nectar (Camazine et al., 1990) (Camazine and Sneyd, 1991) , comb usage (Camazine, 1991) and colonial circadian rhythms (Moritz and Kryger, 1994) . Using a Boolean network, Page and Mitchell (1991) showed that ordered group structures and patterns can easily emerge from random aggregations of individuals in honeybee colonies. Clearly self-organization as a mechanism is common in complex systems and a priori has nothing to do with evolution Mitchell, 1989, 1998 (Watmough and Camazine, 1995) . One mechanism to explain such nonlinear behavioral interactions is through recurrent feedback loops which let the performance of one individual affect those of others. The mechanism underlying the alarm response may give us a simple example of such a mechanism. Defensive flights can be released by swift moving dark objects (Stort, 1974 (Collins et al., 1980) . If (Maschwitz, 1964a,b) . Several other pheromones are currently known in honeybee communication (Moritz and Southwick, 1992) (Rösch, 1927; Lindauer, 1952; Seeley, 1982) , which provides an extremely flexible system of worker allocation (Rösch, 1930) .
More recently, however, it has been repeatedly shown that task division is also subject to genetic variability within age cohorts (Moritz and Hillesheim, 1989; Page and Robinson, 1991; Robinson and Page, 1988) . Specialists for certain tasks are expected to have a specifically low threshold for this specific task , and members of specific subfamilies in the colony proved to show preferences for specific tasks. This is most extreme in the Cape honeybee A. m. capensis where almost all of the laying workers in a colony originate from a single subfamily . Genotypic variability is thus clearly a factor contributing to intracolonial response threshold variability.
If pattern formation is critical for the functioning of the complex colony, then evolution should favor mechanisms that facilitate self-organization. Genotypic variability would be a possible way to achieve this goal. In honeybees threshold variability is not achieved through a wide array of phenotypic castes (as in ants) but rather through temporal polyethism, in combination with genotypic diversification. As many as 35 effective matings have been found in colonies of A. dorsata (Moritz et al., 1995; Oldroyd et al., 1996) (Trump et al., 1967) , hoarding behavior (Moritz and Hillesheim, 1989) , and the alarm response (Moritz and Southwick, 1987; Guzmán-Novoa and Page, 1994) . In some studies intracolonial genotypic variability was positively correlated with performance (Kolmes et al., 1989; Oldroyd et al., 1992; Fuchs and Schade, 1994) , but in others this was not the case. Page et al. (1995) found mostly intermediate phenotypes in genotypically mixed colonies, but also observed that genotypically variable colonies displayed more average phenotypes thus behaving less 'chaotically' and more homeostatically. In a recent study on a large number of colonies with naturally mated queens, Neumann and Moritz (1996) estimated only 10 % of honey production to be determined through the mating frequency of the queen. This weak contribution was not significantly different from zero. In addition, effects of genotypic variability on group efficiency were not necessarily always positive. Moritz and Hillesheim (1989) 
